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A\str[]t 

M[ct_, qbc]b cm ]ihmog_^ \s gcffcihm i` j_ijf_ qilf^qc^_ [m [ mn[jf_ `ii^, 

cm [giha nb_ gimn ]iggihfs ]ofncp[n_^ ]_l_[f ]lijm. In cm jlcg[lcfs om_^ `il 

bog[h ]ihmogjncih ch p[lciom `ilgm, [hcg[f `__^, [h^ ch^omnlc[f 

[jjfc][ncihm. Ih g[hs ]iohnlc_m fce_ M_rc]i, A`lc][, [h^ Sionb Ag_lc][, cn cm 

nb_ g[ch miol]_ i` ][filc_m ch nb_cl ^[cfs ^c_n, g[echa cn ]lo]c[f `il `ii^ 

m_]olcns. M[hs h[ncihm qilf^qc^_ [l_ gil_ [n lcme i` ^lioabn [m afi\[f 

q[lgcha ]ihncho_m ni []]_f_l[n_. Oh_ i` nb_ g[dil bol^f_m ni `ii^ 

jli^o]ncih ch nb_ nq_hns-`clmn ]_hnols [h^ [ m_lciom nbl_[n ni iol jl_m_hn [h^ 

`onol_ `ii^ m_]olcns cm [ q[n_l ]lcmcm. Clij `[cfol_ ^o_ ni q[n_l m][l]cns ][h 

jon gcffcihm i` fcp_m [n lcme. Afiha qcnb nl[^cncih[f \l__^cha, nl[hma_hc] 

[jjli[]b_m [l_ [h _mm_hnc[f niif ch gi^_lh jf[hn \l__^cha. Tb_s [ffiq nb_ 

chnli^o]ncih i` \_h_`c]c[f a_h_m `lig inb_l ila[hcmgm il qcnbch nb_ m[g_ 

ila[hcmg ni cgjlip_ jf[hn ]b[l[]n_lcmnc]m. Tbcm l_pc_q `i]om_m ih mj_]c`c] 

a_h_m nb[n [l_ mn[\fs _rjl_mm_^ [h^ n_mn_^ `il ^lioabn nif_l[h]_ ch g[ct_. 

S_p_l[f a_h_m b[p_ \__h c^_hnc`c_^ [m jin_hnc[f n[la_nm `il cgjlipcha 

^lioabn nif_l[h]_ ch g[ct_. Afnbioab g_]b[hcmgm i` n[la_n a_h_m ip_lf[j ni 

mig_ _rn_hn, q_ [nn_gjn_^ ni ^cpc^_ nb_ m_f_]n_^ l_m_[l]b [lnc]f_m []]il^cha 

ni nb_ g_]b[hcmg i` nb_ n[la_n_^ a_h_ chni ][n_ailc_m [h^ l_pc_q_^ nb_g. 

 

K_ywir^s  

Dlioabn mnl_mm; g[ct_; ip_l_rjl_mmcih; nl[hma_h_ 

 

Ihtri^u]tcih 

Dlioabn [jj_[lm ni \_ nb_ gimn _rj_hmcp_ ^cm[mn_l qb_h ]igj[l_^ ni 
`fii^m, qcf^`cl_m, ^cm_[m_m, [h^ ch`_mn[ncihm. B_nq__h 2005 [h^ 2015, cn 

][om_^ 30 j_l]_hn i` [alc]ofnol[f fimm_m, [giohncha ni ip_l USD 29 \cffcih ch 

^_p_fijcha ]iohnlc_m. Dlioabn b[m [ gil_ mcahc`c][hn cgj[]n ih nb_ 

[alc]ofnol_ m_]nil, \_[lcha 83 j_l]_hn i` [ff nb_ ^[g[a_ [h^ fimm_m ][om_^ \s 

^lioabn (1). 

 Dlioabn mnl_mm jim_m [ jl_p[f_hn [h^ m_p_l_ _hpclihg_hn[f mnl_mmil 

nb[n jf[hnm _h]iohn_l, j[lnc]of[lfs ch l_acihm qcnb [lc^ [h^ m_gc-[lc^ 

]fcg[n_m. In i]]olm qb_h micf gicmnol_ f_p_fm `[ff \_fiq nb_ ]lcnc][f nbl_mbif^ 

l_kocl_^ `il jf[hn aliqnb [h^ ^_p_fijg_hn. Cihm_ko_hnfs, nb_ 

jbsmcifiac][f, \ci]b_gc][f, [h^ gif_]of[l [fn_l[ncihm nb[n i]]ol ch l_mjihm_ 

ni ^lioabn mnl_mm ][h [^p_lm_fs [ff_]n ]lij sc_f^ [h^ jli^o]ncpcns ch jf[hnm. 

Dlioabn mnl_mm ][h [ff_]n jf[hn aliqnb \s ch`fo_h]cha jli]_mm_m mo]b [m 

jbinimshnb_mcm, q[n_l ojn[e_ [h^ nl[hmjiln, honlc_hn [\miljncih, [h^ 

jlin_ch mshnb_mcm. Pf[hnm l_mjih^ ni ^lioabn mnl_mm \s []ncp[ncha [ l[ha_ i` 

[^[jncp_ g_]b[hcmgm, ch]fo^cha imginc] [^domng_hn, [hncirc^[hn ^_`_hm_, 

[h^ mnig[n[f ]fimol_ (2,3). Dlioabn nif_l[h]_ ch ]lijm l_`_lm ni nb_ [\cfcns i` 

jf[hnm ni molpcp_ _rn_h^_^ j_lci^m i` q[n_l m][l]cns, l_^o]cha sc_f^ fimm_m 
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[h^ g[chn[chcha jli^o]ncpcns. Tblioab [^p[h]_g_hnm ch 

a_h_nc] _hach__lcha, gif_]of[l \cifias n_]bhcko_m, [h^ 

[alihigc] jl[]nc]_m, l_m_[l]b_lm b[p_ c^_hnc`c_^ [h^ 

^_p_fij_^ hog_liom g_]b[hcmgm ni cgjlip_ ^lioabn 

nif_l[h]_ ch p[lciom ]lij mj_]c_m. Tb_m_ g_]b[hcmgm 

ch]fo^_ _hb[h]cha liin aliqnb [h^ ^_p_fijg_hn, 

cgjlipcha q[n_l om_ _ffc]c_h]s, [h^ l_aof[ncha bilgih_ 

mcah[fcha j[nbq[sm. Tbcm ihaicha l_m_[l]b cm ]lcnc][f `il 

_hmolcha `ii^ m_]olcns [h^ momn[chcha [alc]ofnol[f 

jli^o]ncih ch l_acihm _rj_lc_h]cha q[n_l mnl_mm [h^ 

]fcg[n_ ]b[ha_.  

 Tb_ ^_nlcg_hn[f cgj[]n i` q[n_l m][l]cns ih ]lij 

sc_f^ ][h p[ls mcahc`c][hnfs, l[hacha `lig 30% ni [m bcab [m 

90%. Tb_ _rn_hn i` nbcm cgj[]n ^_j_h^m ih nb_ ]lij'm 

aliqnb mn[a_ [h^ nb_ m_p_lcns [h^ ^ol[ncih i` q[n_l 

^_`c]c_h]s. Ih nb_ ][m_ i` g[ct_, pofh_l[\cfcns ni q[n_l 

m][l]cns cm gimn jlihioh]_^ ^olcha cnm p_a_n[ncp_, mcfecha 

(`fiq_lcha), [h^ _[l (al[ch `cffcha) mn[a_m, qb_l_ jin_hnc[f 

sc_f^ fimm_m ][h l_[]b oj ni 25%, 50%, [h^ 21%, 

l_mj_]ncp_fs (4).  

 Ih nbcm l_pc_q, q_ [cg ni jlipc^_ [ ]igjl_b_hmcp_ 

ip_lpc_q i` mj_]c`c] a_h_m nb[n bif^ jligcm_ ch _hb[h]cha 

^lioabn nif_l[h]_ ch g[ct_. Bs ][n_ailctcha [h^ l_pc_qcha 

nb_m_ a_h_m \[m_^ ih nb_cl l_mj_]ncp_ g_]b[hcmgm, q_ [cg 

ni mb_^ fcabn ih nb_ ^cp_lm_ mnl[n_ac_m _gjfis_^ ni 

cgjlip_ g[ct_'m l_mcfc_h]_ [a[chmn ^lioabn. 

 

Pbytibirgih_ Scah[fcha P[tbw[ys 

Ti g[e_ jf[hnm gil_ ^lioabn-l_mcmn[hn, l_m_[l]b_lm [l_ 

chp_mnca[ncha jbsnibilgih_ mcah[fcha j[nbq[sm ni 

_hb[h]_ ^lioabn l_mcmn[h]_ ch jf[hnm. Pbsnibilgih_m fce_ 

ABA, SA, JA, [h^ [orch [l_ e_s jf[s_lm ch nb_m_ j[nbq[sm, 

l_aof[ncha jli]_mm_m mo]b [m mnig[n[f ]fimol_ [h^ liin 

aliqnb ni b_fj jf[hnm qcnbmn[h^ ^lioabn mnl_mm. Eria_hiom 

[jjfc][ncih i` jbsnibilgih_m cm \_cha _rjfil_^ ni \iimn 

^lioabn nif_l[h]_. Hiq_p_l, oh^_lmn[h^cha biq nb_m_ 

bilgih_m chn_l[]n ch l_mjihm_ ni ^lioabn l_g[chm 

]igjf_r (5). ABA cm [ bilgih_ ch jf[hnm nb[n jf[sm [ ]lo]c[f 

lif_ ch ^_`_h^cha [a[chmn p[lciom [\cinc] mnl_mm_m [h^ cm [ 

jlcg[ls `i]om ch ^_p_fijcha ^lioabn nif_l[h]_ (6) (Fca. 1). 

 Op_l_rjl_mmcha nb_ ZgPIS a_h_ ch g[ct_, qbc]b 

jf[sm [ e_s lif_ ch jbimjb[nc^sfchimcnif mshnb_mcm, nlcaa_l_^ 

nb_ []ncp[ncih i` a_h_m chpifp_^ ch \inb nb_ ABA 

\cimshnb_mcm [h^ jbimjbifcjc^ g_n[\ifcmg j[nbq[sm. 

Tbcm, ch nolh, f_^ ni nb_ ^_p_fijg_hn i` nl[hma_hc] g[ct_ 

fch_m qcnb _hb[h]_^ ^lioabn nif_l[h]_, _mj_]c[ffs \_`il_ 

`fiq_lcha (8).  

 ZgPP2C-A10 (jlin_ch jbimjb[n[m_ 2C a_h_) 
ip_l_rjl_mmcih ch M[tc_ [h^ Al[\c^ijmcm ^_gihmnl[n_^ 

nb[n nb_ a_h_ h_a[ncp_fs ]ihnlifm ^lioabn nif_l[h]_. 

Folnb_l _pc^_h]_ `il nb_ nb_ils ]ig_m `lig [ h[nol[ffs 

i]]ollcha ^_f_ncih i` nb_ _h^ijf[mgc] l_nc]ofog mnl_mm 

l_mjihm_ _f_g_hn ch nb_ 5'-UTR l_acih i` ZgPP2C-A10, 

qbc]b f_^ ni [h ch]l_[m_ ch ^lioabn nif_l[h]_ (9).  

Fca. 1. When plants encounter biotic and abiotic stimuli, ABA is transported to guard cells, which subsequently initiates the closure of stomata in leaves. The 
Figure was re-used from (7) with the permission of MDPI 

https://plantsciencetoday.online
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 Tb_ 9-]cm-_jirs ][lin_hic^ ^cirsa_h[m_ (NCED) [h^ 

t_[r[hnbch _jirc^[m_ (ZEP) _h]i^cha e_s _htsg_m ch ABA 

\cimshnb_mcm q_l_ ^iqhl_aof[n_^ \s BMV-Zg\ZIP33 

(\[mc] l_acih/f_o]ch_ tcjj_l ginc`) gon[hnm ]l_[n_^ \s 

pclom-ch^o]_^ a_h_ mcf_h]cha (VIGS) oh^_l ]cl]ogmn[h]_m 

i` ^lioabn mnl_mm [h^ l_q[n_lcha \on ch]l_[m_^ qb_h 

Zg\ZIP33 q[m ip_l_rjl_mm_^ (10). 

 Afnbioab _nbsf_h_'m lif_ ch nb_ m_h_m]_h]_ i` jf[hnm 

b[m \__h nbilioabfs chp_mnca[n_^, f_mm cm ehiqh [\ion cnm 

`oh]ncih ^olcha m_h_m]_h]_ \lioabn ih \s q[n_l mbiln[a_ 

(11). D_j_h^cha ih nb_ jf[hn mj_]c_m [h^ nb_ ^_al__ i` 

^lioabn mnl_mm, ^cff_l_hn _nbsf_h_ l_mjihm_m ][h n[e_ 

jf[]_. R_^o]_^ _nbsf_h_ m_hmcncpcns q[m []bc_p_^ \s 

ip_l_rjl_mmcha nb_ ARGO a_h_m, [h^ nl[hma_hc] fch_m 

oh^_l \inb ^lioabn mnl_mm [h^ q_ff-q[n_l_^ ]ih^cncihm 

jli^o]_^ \_nn_l sc_f^m (12).  

 Tb_ AP2/ERF (APETALA2/ETHYLENE RESPONSIVE 

FACTOR) nl[hm]lcjncih `[]nil `[gcfs cm _mm_hnc[f `il jf[hn 

^_p_fijg_hn [h^ mnl_mm l_mjihm_m. Op_l_rjl_mmcih i` 

ZgEREBP60 (_nbsf_h_-l_mjihmcp_ _f_g_hn \ch^cha 

jlin_chm), ih_ i` cnm `[gcfs g_g\_lm ch g[ct_ a_h_l[n_^ 

^lioabn mnl_mm nif_l[hn fch_m \s l_^o]cha H2O2 

[]]ogof[ncih [h^ g[fih^c[f^_bs^_ ]ihn_hn (13). 

Ih]r_[scha Pbitisyhtb_scs R[t_ 

Pbinimshnb_mcm cm nb_ jlcg[ls n[la_n [ff_]n_^ \s q[n_l 

mnl_mm. In l_^o]_m jbinimshnb_nc] l[n_m \s fcgcncha nb_ 

[p[cf[\cfcns i` ][l\ih ^circ^_ (CO2) ^o_ ni mnig[n[f 

]fimol_. W[n_l mnl_mm [fmi nlcaa_lm nb_ jli^o]ncih i` 

b[lg`of l_[]ncp_ irsa_h mj_]c_m (ROS), mo]b [m bs^lia_h 

j_lirc^_ (H2O2), qbc]b h_a[ncp_fs cgj[]nm jbinimshnb_mcm 

(14). M[chn[chcha nb_ l[n_ i` jbinimshnb_mcm oh^_l q[n_l 

mbiln[a_ cm ]ihmc^_l_^ [ p[fo[\f_ nl[cn. Tb_ NPK1 a_h_, [ 

ni\[]]i gcnia_h-[]ncp[n_^ jlin_ch ech[m_ ech[m_ ech[m_ 

(MAPKKK), jf[sm [ ]lo]c[f lif_ ch cgjlipcha ^lioabn 

nif_l[h]_ ch g[ct_. Wb_h NPK1 cm _rjl_mm_^ ]ihmncnoncp_fs 

ch g[ct_, cn _hb[h]_m nb_ jf[hn'm [\cfcns ni qcnbmn[h^ 

^lioabn ]ih^cncihm. Tbcm _hb[h]_g_hn cm jlcg[lcfs 

[nnlc\on_^ ni NPK1'm []ncp[ncih i` [h irc^[ncp_ mnl_mm 

mcah[fcha j[nbq[s. Uh^_l ^lioabn mnl_mm, nl[hma_hc] g[ct_ 

jf[hnm qcnb NPK1 _rjl_mmcih g[chn[ch bcab_l 

jbinimshnb_mcm l[n_m ]igj[l_^ ni hih-nl[hma_hc] jf[hnm. 

Tbcm jlin_]ncih i` nb_ jbinimshnb_mcm g[]bch_ls `lig 

^_bs^l[ncih ^[g[a_ ]ihnlc\on_m ni cgjlip_^ ^lioabn 

nif_l[h]_. A^^cncih[ffs, NPK1 _rjl_mmcih f_[^m ni ^_f[s_^ 

g[nol[ncih [h^ ch]l_[m_^ f_[` hog\_lm ch g[ct_ jf[hnm 

oh^_l ^lioabn ]ih^cncihm. Igjiln[hnfs, NPK1-_rjl_mmcha 

g[ct_ jf[hnm jli^o]_ e_lh_fm qcnb q_cabnm mcgcf[l ni nbim_ 

oh^_l q_ff-q[n_l_^ ]ih^cncihm, qb_l_[m hih-nl[hma_hc] 

jf[hnm _rbc\cn [ mcahc`c][hn l_^o]ncih ch e_lh_f q_cabnm 

qb_h _rjim_^ ni ^lioabn. Tbcm moaa_mnm nb[n NPK1 

_rjl_mmcih _hb[h]_m nb_ sc_f^ jin_hnc[f i` g[ct_ oh^_l 

^lioabn mnl_mm \s jlin_]ncha jbinimshnb_mcm [h^ 

gcnca[ncha nb_ [^p_lm_ _ff_]nm i` q[n_l ^_`c]cn (15).  

 V[]oif[l-nsj_ H+ jslijbimjb[n[m_ (ZgVPP1) [ 

a_h_ ch g[ct_, b[m [ mcahc`c][hn lif_ ch _hb[h]cha ^lioabn 

nif_l[h]_. Tb_ mno^s l_p_[f_^ nb[n [h chm_lncih i` 366 \[m_ 

j[clm ch nb_ jligin_l l_acih i` ZgVPP1, ]ihn[chcha nbl__ 

MYB (gs_fi\f[mnimcm pcl[f ih]ia_h_ bigifia) ]cm-

_f_g_hnm, f_[^m ni ^lioabn-ch^o]c\f_ _rjl_mmcih i` nbcm 

a_h_ ch ^lioabn-nif_l[hn g[ct_ p[lc_nc_m. Wb_h g[ct_ 

jf[hnm [l_ a_h_nc][ffs gi^c`c_^ ni b[p_ ch]l_[m_^ ZgVPP1 

_rjl_mmcih, nb_s ^cmjf[s cgjlip_^ ^lioabn nif_l[h]_ [h^ 

[onbilm moaa_mn_^ cn cm fce_fs \_][om_ i` g[chn[chcha 

jbinimshnb_nc] _ffc]c_h]s [h^ liin ^_p_fijg_hn oh^_l 

^lioabn mnl_mm (16).  

 R_m_[l]b_lm ^cm]ip_l_^ nb[n [h 82-\j MITE 

chm_lncih ch cnm jligin_l l_acih i` nb_ ZgNAC111 a_h_ cm 

fche_^ ni ^lioabn l_mcmn[h]_. Tbcm chm_lncih l_jl_mm_m 

ZgNAC111 _rjl_mmcih nblioab DNA [h^ bcmnih_ 

g_nbsf[ncih pc[ nb_ R^DM j[nbq[s. Tb_ MITE chm_lncih 

[jj_[lm ni b[p_ i]]oll_^ [ft_l g[ct_ ^ig_mnc][ncih [h^ cm 

gil_ ]iggih ch n_gj_l[n_ g[ct_ a_lgjf[mg (17). Ih `c_f^ 

nlc[fm, g[ct_ fch_m ]i-_rjl_mmcha ZgVPP1 [h^ ZgNAC111 

(NAM, ATAF1,2, [h^ CUC (NAC)-nsj_ nl[hm]lcjncih `[]nil) 

a_h_m ^_gihmnl[n_^ _f_p[n_^ jbinimshnb_mcm l[n_m, 

ch]l_[m_^ [hncirc^[hn _htsg_ []ncpcns, [h^ al_[n_l liin-ni

-mbiin l[ncim ^olcha nb_ m__^fcha mn[a_, molj[mmcha nbim_ 

i\m_lp_^ ch nb_ qcf^-nsj_ ]iohn_lj[lnm. A^^cncih[ffs, nb_m_ 

gi^c`c_^ fch_m _rbc\cn_^ mbiln_h_^ [hnb_mcm-mcfecha 

chn_lp[fm [h^ sc_f^_^ gil_ al[chm qb_h ]ih`lihn_^ qcnb 

q[n_l m][l]cns (18). 

 Tb_ No]f_[l F[]nil-Y (NF-Y) `[gcfs i` nl[hm]lcjncih 

`[]nilm cm [ ]igjf_r l_aof[nils msmn_g ch jf[hnm nb[n jf[sm 

[ jcpin[f lif_ ch aliqnb, ^_p_fijg_hn, [h^ mnl_mm 

l_mjihm_m. Tbcm ]igjf_r cm g[^_ oj i` NF-YA, NF-YB, [h^ 

NF-YC mo\ohcnm, `ilgcha b_n_linlcg_lc] ]igjf_r_m. NF-Ym 

l_aof[n_ a_h_ _rjl_mmcih \s \ch^cha ni mj_]c`c] DNA 

m_ko_h]_m [h^ chn_l[]ncha qcnb inb_l nl[hm]lcjncih[f 

l_aof[nilm (19). Op_l_rjl_mmcih i` ZgNF-YB16, [ g_g\_l 

i` nb_ NF-YB moj_l`[gcfs, ch g[ct_ jf[hnm ^olcha \inb 

p_a_n[ncp_ [h^ l_jli^o]ncp_ mn[a_m ch]l_[m_m l_mcmn[h]_ ni 

^_bs^l[ncih [h^ ^lioabn mnl_mm \s g[chn[chcha ch]l_[m_^ 

jbinimshnb_mcm l[n_, \ifmn_lcha [hncirc^[hn _htsg_ 

[]ncpcns, l_ch`il]cha ]_ffof[l mnl_mm l_mjihm_m [h^ cgjlip_m 

g[ct_ al[ch sc_f^ oh^_l hilg[f [h^ ^lioabn mnl_mm 

]ih^cncihm. ZgNF-YB16 q[m `ioh^ ni l_aof[n_ nb_ 

_rjl_mmcih i` m_p_l[f a_h_m chpifp_^ ch jbinimshnb_mcm, 

]_ffof[l [hncirc^[hn ][j[]cns, [h^ nb_ _h^ijf[mgc] 

l_nc]ofog mnl_mm l_mjihm_ ^olcha ^lioabn mnl_mm ch g[ct_. 

(20).  

 TPP (TREHALOSE PHOSPHATE PHOSPHATASE) cm [ 

e_s jf[s_l ch g[ct_'m l_mjihm_ ni ^lioabn mnl_mm, 

j[lnc]of[lfs ^olcha nb_ ]lcnc][f `fiq_lcha jb[m_. In l_aof[n_m 

mo]lim_ g_n[\ifcmg ch ^_p_fijcha _[l mjce_f_nm, 

_hb[h]cha e_lh_f m_n [h^ ofncg[n_fs ch]l_[mcha g[ct_ ]lij 

sc_f^ (21). Tl[hma_hc] g[ct_ nb[n _rjl_mm_m OmTPP1 oh^_l 

MADS6 (MCM1, AG, DEF, SRF) jliginil qbc]b cm `oh]ncih[f 

nblioabion nb_ `fiq_lcha jb[m_ a_h_l[n_m gil_ sc_f^ 

]igj[l_^ ni qcf^ nsj_ l_a[l^f_mm i` qcnb il qcnbion 

^lioabn ]ih^cncihm. Tb_ MADS6 jligin_l []ncp[n_^ g[chfs 

ch p[m]of[nol_ ncmmo_m, ch fch_ qcnb [ mcahc`c][hn l_^o]ncih i` 

nl_b[fim_ 6-jbimjb[n_ (T6P) f_p_fm, [fn_lcha a_h_ 

_rjl_mmcih niq[l^ m_]ih^[ls g_n[\ifcmg, _hb[h]cha 

l_miol]_ [ffi][ncih, [h^ \iimncha ]lij sc_f^ oh^_l p[lscha 

]ih^cncihm, ch]fo^cha ^lioabn ^olcha `fiq_lcha, qbcf_ 

g[chn[chcha bcab_l jbinimshnb_nc] l[n_m (22). 

 

 



 252   MIRZAKHMEDOV   ET AL 

bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

W[t_r Us_ Effc]c_h]y 

Tb_ ]ih]_jn i` q[n_l om_ _ffc]c_h]s (WUE) l_f[n_m ni nb_ 

g_[mol_ i` biq go]b \cig[mm il sc_f^ cm jli^o]_^ \s [ 

jf[hn j_l ohcn i` q[n_l ]ihmog_^. Ih ^lioabn ]ih^cncihm, 

WUE \_]ig_m [h cgjiln[hn nl[cn `il jf[hnm [m nb_s h__^ ni 

]ihm_lp_ q[n_l qbcf_ mncff jli^o]cha [^_ko[n_ sc_f^ (23). 

Uh^_l gcf^ ^lioabn ]cl]ogmn[h]_m, jbimjbi_hifjslop[n_ 

][l\irsf[m_ (C(4)-PEPC) ip_l_rjl_mmcha g[ct_ fch_m 

mbiq_^ [h ch]l_[m_ i` oj ni 30% ch chnlchmc] WUE [m q_ff 

[m [h ch]l_[m_ i` 20% ch ^ls q_cabn. Uh^_l_rjl_mmcha nb_ 

l_f_p[hn jlin_chm, l_mofn_^ ch nb_ ijjimcn_ _ff_]n (24).  

 M[ct_ jf[hnm nb[n q_l_ a_h_nc][ffs gi^c`c_^ ni 

ip_l_rjl_mm jbimjbichimcnc^_ jbimjbifcj[m_ C1 

(ZgPLC1 ) _rbc\cn_^ cgjlip_^ ]b[l[]n_lcmnc]m mo]b [m 

bcab_l l_f[ncp_ q[n_l ]ihn_hn (RWC), \_nn_l imginc] 

[^domng_hn, ch]l_[m_^ l[n_m i` jbinimshnb_mcm, fiq_l 

j_l]_hn[a_ i` cih f_[e[a_, [h^ l_^o]_^ fcjc^ g_g\l[h_ 

j_lirc^[ncih qb_h ]igj[l_^ ni hih-a_h_nc][ffs gi^c`c_^ 

jf[hnm (25).  

 Tl[hma_hc] g[ct_ qcnb bcab_l ZgNAC111 

_rjl_mmcih _rbc\cn_^ cgjlip_^ WUE [h^ ch]l_[m_^ 

m__^fcha ^lioabn nif_l[h]_ (26).  

 E]nijc] _rjl_mmcih i` S\ER2-1 (ERECTA) ch \inb 

Al[\c^ijmcm [h^ g[ct_ jf[hnm f_^ ni [h cgjlip_g_hn ch 

^lioabn nif_l[h]_, mj_]c`c][ffs ch n_lgm i` (WUE), [m 

^_gihmnl[n_^ \s ch]l_[m_^ h_n jbinimshnb_nc] l[n_m ch 

g[ct_ oh^_l ^lioabn ]ih^cncihm (27).  

 R[ffchim_ mshnb[m_ (RAFS) cm [ ]lo]c[f _htsg_ ch 

jf[hnm nb[n jli^o]_m l[ffchim_, [ nlcm[]]b[lc^_ qcnb ^cp_lm_ 

`oh]ncihm. R[ffchim_ b_fjm jf[hnm qcnbmn[h^ [\cinc] mnl_mm, 

g[chn[chm jbinimshnb_mcm, [h^ mn[\cfct_m ]_ff g_g\l[h_m. 

In [fmi mojjilnm \_h_`c]c[f \[]n_lc[ (28). ZgRAFS 

ip_l_rjl_mmcih ch g[ct_ cgjlip_^ jf[hn l_mcmn[h]_ ni 

^lioabn mnl_mm \s l[cmcha f_p_fm i` RAFS jlin_ch, [h^ 

l[ffchim_ ]ihn_hn [h^ l_^o]_^ f_[` q[n_l fimm. Uh^_l 

hilg[f q[n_lcha ]ih^cncihm, nb_ ZgRAFS nl[hma_hc] jf[hnm 

b[^ mcgcf[l \cig[mm ni hih-nl[hma_hc] jf[hnm. Hiq_p_l, 

oh^_l ^lioabn mnl_mm ]ih^cncihm, nb_ nl[hma_hc] jf[hnm b[^ 

mcahc`c][hnfs bcab_l \cig[mm nb[h nb_ hih-nl[hma_hc] 

]ihnlif jf[hnm. Afnbioab nb_l_ q_l_ p[lc[ncihm ch q[n_l 

fimm [giha ^cff_l_hn g[ct_ fch_m, nb_l_ q_l_ hi ^cff_l_h]_m 

ch mnig[n[f ^_hmcns il [j_lnol_. Tb_ l_m_[l]b moaa_mnm nb[n 

ip_l_rjl_mmcha nb_ ZgRAFS a_h_ ch g[ct_, \on hin ch 

Al[\c^ijmcm, ch]l_[m_^ l[ffchim_ f_p_fm ch f_[p_m, f_[^cha ni 

cgjlip_^ q[n_l l_n_hncih [h^ ch]l_[m_^ ^lioabn 

l_mcmn[h]_ qcnbion [ff_]ncha aliqnb mcahc`c][hnfs (29). 

Stig[t[f [j_rtur_  

Snig[n[f ]fimol_ cm [ pcn[f chcnc[f l_mjihm_ i` jf[hnm ni 

^lioabn mnl_mm, ]fim_fs fche_^ ni micf gicmnol_ f_p_fm [h^ 

]ihnliff_^ \s ]b_gc][f mcah[fm fce_ ABA jli^o]_^ ch 

^_bs^l[ncha liinm. V[lciom `[]nilm, ch]fo^cha rsf_g ABA 

]ihn_hn, f_[`-ni-[cl p[jil jl_mmol_ ^_`c]cn, m[j jH, jf[hn 

honlcncih, bs^l[ofc] ]ih^o]n[h]_, [h^ gil_, ch`fo_h]_ 

mnig[n[f l_aof[ncih. Wbcf_ mnig[n[f ]fimol_ l_^o]_m CO2 

[mmcgcf[ncih [h^ h_n jbinimshnb_mcm, cn ]ihm_lp_m q[n_l 

[h^ [c^m ch molpcp[f. Snig[n[f mct_ [h^ ^_hmcns ][h ]b[ha_ 

oh^_l ^lioabn mnl_mm, qcnb mj_]c_m-mj_]c`c] l_mjihm_m (30). 

Tb_ LOS5 a_h_, [fmi ehiqh [m ABA-^_`c]c_hn 5 (ABA3), 

jf[sm [ jcpin[f lif_ ch nb_ l_mjihm_ i` Al[\c^ijmcm jf[hnm ni 

fiq n_gj_l[nol_ [h^ imginc] mnl_mm. LOS5 []nm [m [ e_s 

jf[s_l ch [\m]cmc] []c^ (ABA) \cimshnb_mcm, [ bilgih_ 

]lo]c[f `il mnl_mm [^[jn[ncih, \s ][n[fstcha nb_ a_h_l[ncih 

i` [ ]i`[]nil l_kocl_^ `il nb_ `ch[f mn_j i` ABA jli^o]ncih 

(31). Op_l_rjl_mmcih i` nb_ Al[\c^ijmcm gifs\^_hog 

]i`[]nil mof`ol[m_ a_h_ (LOS5) ch g[ct_ l_mofn_^ ch 

ch]l_[m_^ _rjl_mmcih i` ZgAO ([f^_bs^_ irc^[m_) [h^ 

[]ncpcns i` AO, f_[^cha ni nb_ []]ogof[ncih i` ABA [h^ 

_hb[h]_^ ^lioabn l_mcmn[h]_. Tb_ nl[hma_hc] g[ct_ jf[hnm 

nb[n ip_l_rjl_mm_^ nb_ Al[\c^ijmcm LOS5 a_h_ _rbc\cn_^ 

l_^o]_^ mnig[n[f [j_lnol_, l_mofncha ch l_^o]_^ q[n_l fimm 

[h^ \_nn_l jl_m_lp[ncih i` l_f[ncp_ q[n_l ]ihn_hn (RWC) 

[h^ f_[` q[n_l jin_hnc[f ]igj[l_^ ni qcf^-nsj_ jf[hnm 

oh^_l ^lioabn ]ih^cncihm. A^^cncih[ffs, nb_ nl[hma_hc] 

g[ct_ jf[hnm mbiq_^ fiq_l f_p_fm i` f_[` qcfncha, 

_f_]nlifsn_ f_[e[a_, g[fih^c[f^_bs^_ (MDA), [h^ H2O2 

]ihn_hn, ch]l_[m_^ []ncpcns i` [hncirc^[hn _htsg_m, [h^ 

bcab_l f_p_fm i` jlifch_ ]igj[l_^ ni nb_ qcf^-nsj_ jf[hnm 

oh^_l ^lioabn mnl_mm (32).  

 ZgMEK1 (MAP ech[m_ ech[m_) l_aof[n_m mnig[n[f 

]fimol_ [h^ cm chbc\cn_^ \s ZgPP48 nblioab 

^_jbimjbilsf[ncih. A]ncp_ ZgMEK1 _hb[h]_m ZgSIMK1 

[]ncpcns, qbc]b ^cl_]nfs jbimjbilsf[n_m ZgSLAC1, 

jligincha mnig[n[f ]fimol_. Tbcm jli]_mm cm nlcaa_l_^ 

qb_h ZgPP84 nl[hm]lcjncih ^_]l_[m_m oh^_l ^lioabn 

mnl_mm, l_f_[mcha ZgMEK1 chbc\cncih [h^ []ncp[ncha 

ZgSIMK1 `il mnig[n[f ]fimol_. Bs ^_jbimjbilsf[ncha 

ZgMEK1 (MAP ech[m_ ech[m_), ZgPP84, [ h_a[ncp_ 

l_aof[nil i` nb_ ^lioabn mnl_mm l_mjihm_, jl_p_hnm 

mnig[n[f ]fimcha (33). 

Igjrivcha Riit Syst_g 

Wcnb nb_ [\miljncih i` q[n_l [h^ honlc_hnm `lig nb_ micf, 
jf[hn liinm []ncp_fs j[lnc]cj[n_ ch nb_ aliqnb i` jf[hnm. Ti 

cgjlip_ jf[hn jli^o]ncpcns ch ^lioabn ]ih^cncihm, cn cm 

\_fc_p_^ nb[n ]_ln[ch liin ]b[l[]n_lcmnc]m, mo]b [m `ch_ liin 

^c[g_n_l, mj_]c`c] liin f_hanb, mj_]c`c] liin [l_[, liin 

[haf_, [h^ liin f_hanb ^_hmcns, ][h \_ \_h_`c]c[f. (34). 

Op_l_rjl_mmcih i` ZgPIN1[, qbc]b cm [ ]igjih_hn i` nb_ 

[orch _fffor ][llc_l, ch g[ct_ l_mofn_^ ch nb_ ^_p_fijg_hn 

i` [ gil_ _rn_hmcp_ liin msmn_g qcnb fiha_l jlcg[ls liinm 

[h^ ^_hm_l f[n_l[f liinm. Tbcm q[m ^o_ ni [h ch]l_[m_ ch nb_ 

hog\_l i` f[n_l[f liinm [h^ [ ^_]l_[m_ ch nb_cl _fiha[ncih. 

An nb_ m[g_ ncg_ _[l b_cabn, chn_lhi^_ f_hanb, [h^ jf[hn 

b_cabn ^_]l_[m_^ ch nl[hma_hc] fch_m. Tb_ [fn_l_^ liin 

mnlo]nol_ l_mofncha `lig nb_ ip_l_rjl_mmcih i` ZgPIN1[ ch 

g[ct_ jf[hnm f_^ ni cgjlip_^ jli^o]ncpcns oh^_l bcab-

^_hmcns ]ofncp[ncih, [h^ _hb[h]_^ jf[hn l_mcfc_h]_ ni 

^lioabn, fi^acha, [h^ fiq-jbimjb[n_ ]ih^cncihm. ZgPIN1[ 

ip_l_rjl_mmcih _hb[h]_^ IAA nl[hmjiln `lig mbiin ni liin, 

[m mbiqh \s g_[mol_g_hnm i` IAA ]ih]_hnl[ncih, 

nl[hmjiln ][j[]cns, [h^ _ria_hiom IAA [jjfc][ncih. Tb_ 

jf[hn q[m [\f_ ni jlipc^_ nb_ liinm qcnb [^^cncih[f 

][l\ibs^l[n_m, qbc]b jligin_^ liin aliqnb [h^ 

mnl_hanb_h_^ nb_ jf[hn'm [\cfcns ni qcnbmn[h^ 

_hpclihg_hn[f mnl_mm ^o_ ni nb_ lcm_ ch [orch ch nb_ liin 

(35).  

 Tb_ nl[hma_hc] g[ct_ jf[hnm ip_l_rjl_mmcha 

ZgPTF1 mbiq_^ cgjlip_^ nif_l[h]_ ni ^lioabn mnl_mm [m [ 
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l_mofn i` nb_cl _hb[h]_^ liin mnlo]nol_, ch]l_[m_^ f_p_fm i` 

[\m]cmc] []c^ (ABA), [h^ []ncp[ncih i` mnl_mm l_mjihm_m 

g_^c[n_^ \s CBF4, ATAF2, [h^ NAC30 qb_l_[m nb_ 

gon[hnm qcnb l_^o]_^ _rjl_mmcih i` ZgPTF1 mbiq_^ nb_ 

ijjimcn_ l_mofnm (36).  

 Ih nl[hma_hc] Al[\c^ijmcm [h^ g[ct_, ojl_aof[ncha 

nb_ _rjl_mmcih i` ZgTIP1 (TIP GROWTH DEFECTIVE1) 

l_mofn_^ ch fiha_l liin b[clm [h^ _hb[h]_^ jf[hn nif_l[h]_ 

ni q[n_l ^_jlcp[ncih. Oh nb_ inb_l b[h^, ZgTIP1 

nl[hmjimih-chm_lncih[f gon[hnm _rbc\cn_^ nb_ ijjimcn_ 

jb_hinsj_ (37). 

 

Cih]fuscih 

Dlioabn mnl_mm cm [ qc^_mjl_[^ cmmo_ nb[n [ff_]nm jf[hn 

aliqnb, ko[fcns, [h^ _h_las jli^o]ncih, nl[hm]_h^cha 

a_ial[jbc][f \ioh^[lc_m qcnbion l_mnl[chn. Tl[^cncih[f 

g_nbi^m [h^ h[nol[f jf[hn [^[jn[ncihm gcabn hin \_ 

_hioab ni n[]ef_ nbcm ]b[ff_ha_. G_h_nc] _hach__lcha cm [ 

jligcmcha n_]bhcko_, nb[n _h[\f_m m]c_hncmnm ni gi^c`s nb_ 

a_h_m i` jf[hnm, _hb[h]cha nb_cl [\cfcns ni qcnbmn[h^ 

^lioabn mnl_mm. Am _pc^_h]_^ \s iol i\m_lp[ncihm, l_m_[l]b 

_h^_[pilm [cg_^ [n _hb[h]cha ^lioabn nif_l[h]_ ch g[ct_ 

nblioab nl[hma_hc] [jjli[]b_m b[p_ jl_^igch[hnfs 

]_hn_l_^ [lioh^ nb_ ip_l_rjl_mmcih i` mj_]c`c] a_h_m. 

A^^cncih[ffs, cn b[m \__h ^_gihmnl[n_^ nb[n nb_ _]nijc] 

_rjl_mmcih i` ]_ln[ch a_h_m b[m sc_f^_^ bcabfs jligcmcha 

l_mofnm. Cihm_ko_hnfs, cn qiof^ \_ bcabfs \_h_`c]c[f ni 

qcnh_mm [h ch]l_[m_ ch nb_ _rjl_mmcih i` bigifiaiom 

a_h_m qcnbch nb_ g[ct_ a_hig_ cnm_f`. Folnb_lgil_, nb_ 

oncfct[ncih i` a_hig_ _^cncha niifm ni mcf_h]_ il _hncl_fs 

ehi]eion a_h_m nb[n []n [m h_a[ncp_ l_aof[nilm i` ^lioabn 

l_mjihm_ a_h_m bif^m nb_ jin_hnc[f ni l_p_[f h_q 

ijjilnohcnc_m ch iol jolmocn i` gcnca[ncha ^lioabn mnl_mm. 
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